cies equal to the sum and difference, respectively, of the metastable storage frequency and the frequency of the incident laser photon. By tuning the frequency of the incident laser, the frequency of the scattered radiation is tuned. Each sideband has a linewidth equal to the convolution of the incident laser linewidth and the Doppler width of the radiating atoms. The accessible spectral range is therefore determined by the range of available r tunable lasers, and by the number of species which may be used for metastable storage.
The spontaneous Raman radiation is only generated while the pump laser is present. Hence, the source may operate in a short pulse mode, and even on a picosecond time scale. If the storage and terminal states of the Raman process have zero angular momentum, and the pump laser is polarized, then the spontaneous Raman radiation will also be polarized.
In the following sections of this paper we first discuss the theory of the spontaneous Raman scattering source. Attention is given to intensity and saturation effects which limit its brightness. We then describe experiment:.) work which, although limited to helium as the storage species, demonstrates the source as narrowband ( resolution greater than 100,000 at 550 R) and broadly tunable ( spectral range of about 7,500 cm-1 ). The source is used to examine transitions originating from the 3p 6 shell of potassium. The observed features include four previously unreported narrow absorption lines and several sharp interferences of closely spaced autoionizing lines.
Finally, we consider the possibility of using the other inert gases, and also singly ionized column I metals for metastable storage. These species may allow a coverage of about 75% of the spectral region from 500 X to 1500 ^.
-2 - If a monochromatic pump field at frequency p is applied to the system, the spontaneous Raman scattering of photons from metastable atoms can be visualized as a transfer of population to virtual levels at energies jj(wif t p) followed by spontaneous decay of this virtual population to the 
Where % is the frequency of the scattered radiation (W. = E i -E f t b p), cop is the frequency of the pump photon, s and P are the respective polarization unit vectors, _ -e E i is the dipole moment operator for the atom, and E i , En J' E are the energies of the initial, inter- If we assume, as almost always will be the case, that the stored metastable population is not so large that the Raman scattering process represents a significant loss to the incident laser beam, then the laser pulse energy fluence which in essence scatters or depletes all of the stored population is hw (J/A)saturation (3) Q s For a typical scattering cross section in He of a s = 5 x 10 -^3 cm2 , and p corresponding to 6000 X, this occurs at J/A = 6.6 x 103 joules/cm2 For beam size of several m 22 , as will most often be used in the spectroscopic applications of this source, this type of saturation is unlikely to be encountered.
Microscopic Saturation
As the incident laser power is raised, or a particular intermediate resonance is approached, all of the atoms in the storage level are in effect transferred to the virtual level and may then not radiate or scatter at a rate faster than the Einstein A coefficient of the approached intermediate level.
As this large field, or near resonance region, is approached, frequency shifts of the storage level and therefore of the scattered Ramer radiation also occur, and may limit the resolution of the radiation source.
A simple and nearly exact solution of the near resonant problem is obtained from the dressed atom approach (10). Defining the quantity 8 by
where µin and au are the matrix element and detuning from the near reso- of the discharge which allowed the glow to reside inside the cathode. Typical operating paraa cters of the discharge were 2 torn helium, 190 V, and 30 me, which, based on previous measurements [11] , implies a population of ls2s 1S met&stables of about 10 11 atCmshlm^. The current through the discharge was kept low because it was found that the metastable population did not increase appreciably with current (up to a few hundred ma), but the backgro-md radiation from the plasma (predomitantly resonance line radiation at 5& X and 537 X) Lnereased linearly with the applied current. Thus, the largest signal-to-noise ratio was obtained at the lowest stable operating current of the discharge.
The potassium vapor cell consisted of a stainless steel tube 1.2 em in diameter with a stainless steel wick. The active hot Zone was 5 ca long and typically was operated at a potassium vapor density of 10 15 atams/cm3 (2600c).
The ambient helium discharge pressure s?.owed the diffusion of potassium both into the discharge and to the aluminum filter which served to separate the 2 torr helium pressure from the 10 -6 torr operating pressure of the electron multiplier. Experiments were performed with potassium having a minimum purity of 9% and 99.95% with the same results. 15 cm-1 [14,15) . The laser frequency was determined from the dial of the Quanta-Ray dye laser; this dial reading was calibrated using known Ne and Kr lines, and found to be resettable to t lcm1. was therefore limited to wavelengths generated using tunable radiation from the high output laser dyes. Thus, in order to investigate other spectral regions the inherent anti-Stokes signal level must be increased.
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B. PULSED HIGH POWER MICROWAVE DISCHARGE
We made two changes to increase the brightness and thus the tuning range of the anti-Stokes radiation source: a high power microwave discharge was used to produce a larger population in the He ls2s 1 S storage level, and the effective solid angle for collection of anti-Stokes radiation was improved.
The basic geometry is similar to that used previously and is shown in Fig. 5 . The potassium vapor cell (Fig. 6 ) was redesigned so as to maintain the grazing reflection geometry. An alkali resistant glass tube was slotted
Microwave pulses at
(1 mm wide) to allow potassium vapor to permeate throughout, and a heater was wound on the glass tube to keep it hotter than the wet stainless steel wick, so as to prevent potassium condensation inside the tube. The potassium cell had an active hot zone 4.5 cm long. Over approximately 30 hours of operation, the potassium cell ' s throughput of XW radiation decreased by a factor of 5. Apparently, this was due to contamination of and/or reactions on the inside surface of the glass tube, and a subsequent loss of reflectivity, since the throughput returned to its original value when the contaminated tube was replaced.
The main disadvantage in using the more intense microwave discharge was that the intensity of the spurious XUV radiation was much larger than the anti -Stokes signal intensity. The 584 A integrated resonance line intensity was measured to be 15 times greater than the anti -Stokes intensity (using 50 W of laser energy at 6000 R). As a result, it was necessary to filter the resonance radiation from the anti-Stokes radiation. A McPherson 225 one-meter normal incidence vacuum monochromator with a 1200 f/mm grating ruled over a 30 ma x 50 mm area and coated with platinum was used in first order as a filter against the resonance radiation. The linear dispersion was 8.3 R/mm, and the monochromator slit widths were set to discriminate against the nearest noise feature, while passing the desired range of antiStokes radiation. For the spectral range that we examined, the nearest noise feature was the second resonance line at 537.0 A. Typically, the slits were set at a width of 0.8 -1.0 mm, and thus, the resolution of the apparatus was due entirely to the spectral width of^the anti -Stokes radiation. The spectral width of the anti-Stokes radiation during the avalanche period was confirmed to be equal to that obtained with the hollow cathode discharge by measuring the linewidths of the same potassium absorption features. Because of this effect, all the measurements and spectra reported were made during the avalanche period.
Usiug the microwave discharge we extended the spectral region examined in otsssium to 536.8 R -558 .4 R, as shown in Table 4 . To achieve a signal-tontl^,a ratio of 3 to 1 with sn integration of 50 laser pulses per point, a rsinimimm of -= -%J of laser energy per pulse was required. Commercial sources of such a-ergy er pulse are available to at least 2 µm, which implies a possible XUV spectral range of -537 R -584 R. Table 5 lists a number of additional potassium absorption features we observed using the microwave excited discharge; all have been previously observed by Mansfield [16) . Typical absorption scans are shown in Fig. 8, which are computer generated plots containing 1024 points corresponding to laser Table 7 shows how the alkali ions might be used in an iso-electronic analogy to the noble atoms in Table 6 . The Na II system which is iso-electropic to neon is shown in Fig. 11 If we assume that a frequency interval of 10,000 cm 1 can be attained with each of the Raman systems listed in Tables 6 and 7 over limited spectral regions. The complexity of changing the storage species will limit the source to situations where features have been previously identified with lower resolutic.n apparatus. Very often it is the case that the center wavelength which is obtainable fror an ionic species, for example, 601 1 from K II (Table 7) , coincides with the region of most interest for studying tli+s care -excited spectrum of the neutral species. For example, if one is able to obtain ± 15,000 cm 1 of tuning centered at 601 X, this would cover the spectral region from ;;l R to 660 A. This would allow examination of a good portion of the interesting spectral region of K I.
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Other properties of the spontaneous Raman anti-Stokes radiation source which may be useful are its controlled polarisation and the ability to produce pulses as short as that of the incident laser.
The ultimate usefulness of this source will depend on the development of convenient methods foi-producing large metastable populations. Two promising approaches are the pulsed hollow cathode technology demonstrated by Falcone, et al. M and metastable production by phc.oionisation with laser produced soft x-rays [8I.
